ABSTRACT
Introduction
Biofilms are complex organized communities of metabolically quiescent bacteria embedded in a matrix that is rich in extracellular polymeric substances (13) . Biofilms initially form as a result of attachment and aggregation to a biological surface and then mature and expand to their final complex structure (15) . Hall-Stoodley et al. (2) were the first to demonstrate the direct presence of middle ear mucosal biofilms in children with chronic otitis media. Given that biofilm-colonized adenoids may be a potential source of planktonic bacteria that have the ability to migrate; it is reasonable to hypothesize that nasopharyngeal biofilms can disseminate and disperse to form biofilms in the middle ear, thereby causing chronic otitis media with effusion (oMe) (4) . however, the mechanism by which bacteria in these biofilms persist and resist both the host immune response and antibiotic treatment is unknown.
Oral infections are also biofilm-related infections. Despite the frequency of upper respiratory tract infections, more data is available on formation and structure of dental biofilms. Fusobacterium nucleatum is considered to be a key species in building the community structure in dental biofilm and on various oral mucosal surfaces. Although strictly anaerobic, it is assumed that F. nucleatum is capable of surviving in aerobic environments because of its coaggregation with oxygenconsuming bacteria (7) .
Bacteria are being shed constantly from different oral surfaces into the saliva, which therefore gives insight into a variety of ecological niches and reflects the overall oral microflora. Furthermore, saliva acts as a potential vehicle for translocation of oral bacteria between close anatomical sites, such as the oral cavity and nasopharynx, within an individual (3, 8) . thereby, it is well acknowledged that microorganisms from the nasopharynx can reach the middle ear cavity via the eustachian tube and cause middle ear infection. in a previous study, using 16Sr RnA-based conventional PcR, F. nucleatum was detected in 11 (55 %) saliva, eight (40 %) nasopharyngeal and six (30 %) middle ear effusion samples (19) . We hypothesize that the rate could be higher if more sensitive methods are used, such as the real-time PcR assay.
in this study, we aimed to detect F. nucleatum, the key bacteria for oral biofilm formation, in saliva, nasopharyngeal secretion and middle ear effusion samples, using real-time PcR assays.
Materials and Methods
Study subjects and specimens the present data are from 20 children with oMe aged 4-11 years (mean age 7.8 ± 1.9 years; 11 male and 9 female), undergoing myringotomy and tube placement at the Department of Otorhinolaryngology, Head and Neck Surgery at taksim training and Research hospital, istanbul, turkey. they belonged to a population of a previous study on the relationship between oral anaerobic bacteria and otitis media with effusion (19) . Paraffin-stimulated saliva samples were collected immediately after clinical examination. Middle ear effusion and nasopharyngeal secretions were obtained during anesthesia for insertion of ventilation tubes. the samples were stored at -80 ºc until use.
REAL-TIME POLYMERASE CHAIN REACTION VERSUS CONVENTIONAL
At the time of study enrollment, the parents provided their informed consent for all infants which was approved by the Local Ethics Committee of the Istanbul University Faculty of Medicine (2008/930).
PCR analysis
16S rRNA primers (Forward 5'-CGC AGA AGG TGA AAG TCC TGT AT-3'and Reverse 5'-TGG TCC TCA CTG ATT CAC ACA GA-3') were used to amplify the 264 bp-long region of F. nucleatum. Fifty nanograms of DNA extracted from the samples were added into the PCR mixture containing 10 pmol of each primer, 1.5 mmol/l Mgcl 2 , 50 µmol/l of dNTPs (Pharmacia LKV, Piscataway, NJ, USA), 0.15 U of Taq DNA polymerase (Fermantas UAB, Vilnius, Lithuiana ) and 5 µL of 10x buffer. PCR reactions were carried out in a DNA thermal cycler (GeneAmp 9600 thermal cycler; Perkin-elmer, Norwalk, CT, USA). The PCR profile included an initial denaturation step at 95 ºc for 3 min followed by 30 cycles consisting of 94 ºc for 30 s, 66 ºc for 30 s, 72 ºc for 30 s, and a final extension step at 72 ºC for 5 min. The amplified PCR products were run in a 2 % agarose gel stained with ethidium bromide and visualized under a UV light transilluminator.
Real-time PCR analysis
quantitative PcR was performed with the lightcycler 480-System (Roche Diagnostics GmbH, Germany), using species-specific primers and TaqMan probes. The primerprobe set of F. nucleatum was FN-16S-F (5'-AAA GTA GCG GCG AGC GAA ATG G-3'), FN-16S-R (5'-TGG TCC TCA CTG ATT CAC ACA GA-3') and FN-16S-probe (5'-ACT TTG CTC CCA AGT AAC ATG GAA CAC GAG-3'). The annealing temperature for the primer sets was 56 ºc. thermal cycle conditions consisted of an initial denaturation incubation step at 95 °c for 10 min, followed by 45 cycles of alternating 95 °c incubations for 30 s and 50 °c incubations for 40 s and 72 °c incubations for 30 s and acquisition mode at single and one final cooling cycle at 40 °C.
F. nucleatum ATCC 25586 strain was cloned to plasmid using the pGeM t-easy vector system (Promega conporation, Madison, WI, USA). DNA levels in each sample were calculated according to the external standard curves performed on 10-fold dilution series of plasmids containing type-specific amplicons. Data were analyzed with the LightCycler analysis software and evaluated after log10 transformation.
Data analysis
the qualitative results (presence or absence of the tested pathogens) from both diagnostic methods were plotted, using contingency tables. From these tables, all the diagnostic parameters were calculated (sensitivity, specificity, positive and negative predictive values and positive and negative likelihood ratios), using conventional PcR as the diagnostic reference standard. this analysis was repeated using the PcR results as the reference standard. Fisher's exact test was used to assess the independence between both tests with a significance level of 0.05. Table 1 shows the comparative results regarding the detection of F. nucleatum with both diagnostic methods. F. nucleatum was detected from 11 (55 %) salivary, eight (40 %) nasopharyngeal and six (30 %) middle ear effusion samples by conventional PcR, while it was detected from 19 (95 %) salivary, 19 (95 %) nasopharyngeal and 16 (80 %) middle ear effusion samples by quantitative real-time PcR assay of the samples taken from the 20 subjects. According to the real-time PcR assays, F. nucleatum was detected in each of the three types of samples taken from 14 of the children (70 %), while the PcR assays detected it in all the three samples from only six children (30 %).
Results and Discussion
considering conventional results as the reference standard, the sensitivity of real-time PcR in all samples was 1.0, while the specificity and negative predictive values were 0.17 and 1.0, respectively. in this group the likelihood ratio for real-time PcR was 1.2 ( Table 2) . Table 3 shows the sensitivity, specificity, positive and negative predictive values of conventional PcR, when the realtime PcR results were considered as the reference standard. For F. nucleatum in all samples, the sensitivity was low, while the specificity and positive predictive values were maximal.
Real-time PcR had better performance in detecting bacteria in the analyzed samples than direct culture. The difference between the proportions of positive samples in conventional and in real-time PCR was statistically significant for all the studied samples.
in the last two decades, PcR has been used to detect the presence of selected bacterial species in clinical samples (1, 5, 14) . Given the appropriate primers, this method is rapid and simple and is able to detect very small numbers of cells of a given species compared with bacterial culturing methods. traditional culture techniques are also known to be less sensitive for identifying bacteria residing in biofilms (11, 18) . For example, MEE cultures yield positive results for only 20 % to 30 % of the patients (9) compared to up to 100 % positivity by PcR for pathogenic bacteria (2, 10, 14, 20) .
conventional PcR has the disadvantage of not providing quantitative data, but usually indicates the presence or absence of a species in the sample. Although it is more sensitive than culture techniques, for applications where the relative levels of species are important, PcR may not be ideal, because it detects the plateau phase of the reaction. In addition, examining large numbers of species in large numbers of samples is difficult and may not be cost effective. Real time PcR, which allows monitoring of the exponential phase, has been added to the potential methods for examining the composition of biofilm samples (6, 12) . TaqMan real-time PCR, an excellent method providing quantification of the level of selected species in biofilm samples, has the advantage of providing rapid, accurate, sensitive and quantitative detection (17) . it allows the continuous monitoring of DNA amplification, eliminating the need for gel electrophoresis. however, the technique suffers similar limitations to conventional PcR in that it is currently not suitable for screening large numbers of samples.
Accurate quantification of periodontal pathogens in clinical samples is needed for understanding the etiologic role of these bacteria. Quantification of F. nucleatum in saliva using realtime PcR has been reported previously (16) . in this study, F. nucleatum was detected at higher frequency (80 % to 95 %) in all samples by real-time PcR assay, whereas it was detected at lower rates (30 % to 55 %) by the conventional PcR assay.
Although we could not search for live bacteria, real-time PCR results could be the reflection of the disease history. F. nucleatum, which was detected in 80 % of the Mee samples, seems to have a major etiological role in biofilm formation in middle ear mucosa.
the results from this study showed that the tested realtime quantitative PcR assay can identify and quantify F. nucleatum, with a high degree of sensitivity when compared with conventional PcR techniques. the real-time quantitative PCR allows the visualization of the microbial composition in the Mee samples and will likely be increasingly employed in future biofilm research.
